As the homeostatic hub in the central nervous system, the hypothalamus orchestrates an enormous array of neuroendocrine and behavioral processes such as growth, reproduction, stress, and, relevant to the topic at hand, food intake. How are satiety-related signals integrated at the cellular and system level to give a reliable and appropriate behavioral response? In this issue of Neuron, new research by Crosby et al. (2011) brings us one step closer to answering this important question by improving our understanding of the molecular underpinnings and experience-dependent cues that drive synaptic plasticity in the hypothalamus.
The hypothalamus is comprised of numerous anatomically and functionally distinct nuclei. One of these nuclei, the dorsomedial nucleus of the hypothalamus (DMH), is important because it controls heart rate, blood pressure, and body temperature (Ulrich-Lai and Herman, 2009) . Considerable lesioning data implicate the DMH in feeding (Bellinger and Bernardis, 2002) . When ablated, animals become hypophagic. Food-seeking behavior is also regulated by other hypothalamic nuclei, such as the lateral hypothalamic area and ventromedial hypothalamic nucleus. The DMH receives myriad excitatory, inhibitory, and neuromodulatory afferents from brain regions including other hypothalamic nuclei and higher cortical and limbic regions as well as the brain stem (Berthoud, 2002) .
One attractive aspect, or perhaps shortcoming, of hypothalamic synaptic physiology is that so much of it remains unexplored. Enter Crosby et al. (2011) to take a stab. They focused on two features of the DMH: (1) how afferent activity modifies synaptic transmission within this nucleus; and (2) how food-deprivation instructs experience-dependent signaling at DMH synapses. To address these issues, the authors performed in vitro whole-cell patch clamp recordings in rodent brain slices containing the DMH. In response to high-frequency stimulation (HFS) of presynaptic fibers, a manipulation that recruits both glutamatergic and GABAergic inputs, they found a robust form of long-term depression of inhibitory synapses, here referred to as i-LTD for consistency with other forms of inhibitory synaptic plasticity previously reported (Castillo et al., 2011; Woodin and Maffei, 2011) . In line with i-LTD observed in other brain areas (Heifets and Castillo, 2009 ), Crosby et al. (2011) found that i-LTD in the DMH requires endogenous cannabinoid (eCB) signaling. eCBs are lipidderived messengers synthesized in an activity-dependent manner from postsynaptic compartments in response to metabotropic receptor activation and/or increased intracellular Ca 2+ rise. Typically, once mobilized, they retrogradely depress neurotransmitter release by virtue of type-1 cannabinoid (CB1)-receptor activation (Kano et al., 2009) . Intriguingly, unlike eCB-mediated i-LTD at other central synapses, i-LTD in the DMH was not associated with significant changes in the paired-pulse ratio (PPR) and/or the coefficient of variation (CV), two parameters classically used to determine whether a form of plasticity is expressed pre-or postsynaptically. As a result, it is unclear if this form of plasticity is expressed preor postsynaptically. Unexpectedly, when the authors blocked CB1 receptors pharmacologically or used CB1 receptor knockout mice, they observed a switch in the polarity of GABAergic synaptic transmission, revealing long-term potentiation (i-LTP) whose expression is likely presynaptic as indicated by a decrease in PPR and CV. As for the i-LTP reported in the ventral tegmental area (Nugent et al., 2007) , Crosby et al. (2011) found that induction of i-LTP in the DMH requires nitric oxide (NO) signaling. NO is a highly reactive free radical gas produced by Ca 2+ influx through N-methyl-D-aspartate (NMDA) receptors. Ca 2+ activates nitric oxide synthase (NOS), which is commonly coupled to the NMDA receptor. Once produced, NO diffuses and targets soluble guanylyl cyclase (sGC), which can activate the cGMP/PKG pathway (Kleppisch and Feil, 2009 ). In support of NO mediating i-LTP in the DMH, three different manipulations interfering with NO signaling, such as using the NOS blocker L-NAME, the sGC inhibitor ODQ, and the NMDA-receptor antagonist d-APV, all abolished this form of plasticity. Another interesting observation was that the polarity of plasticity at DMH inhibitory synapses can be dictated in an activity-dependent manner. Specifically, shortening the HFS duration biased plasticity toward i-LTP, whereas longer durations gave i-LTD. Intermediate HFS durations gave no plasticity, presumably because the two signals cancelled each other. When CB1 receptors were blocked, i-LTP was observed across all stimulation durations. These results strongly suggest that i-LTP and i-LTD have differential induction thresholds. Although the physiological relevance of HFS in triggering i-LTP and i-LTD in the DMH is unclear, this concern is overridden by the authors' key observation that a switch between these forms of plasticity could be recapitulated by a behavioral manipulation (see below).
The inhibitory synapses activated by Crosby et al. (2011) likely arise from different hypothalamic nuclei and, as a result, are not necessarily homogeneous. In fact, the authors' findings invoke the question of whether the same or different inputs are sensitive to eCB and NO signaling. Using the CB1 receptor agonist WIN and the NO donor SNAP, which suppresses and potentiates inhibitory synaptic transmission, respectively, the authors showed that the SNAP-mediated potentiation was abolished in the presence of WIN. However, if WIN was applied after SNAP, the polarity of GABAergic transmission flipped from potentiation to depression. These observations strongly suggest not only that heterogeneous inhibitory inputs converging on the DMH are eCB and NO sensitive but also that CB1 receptor signaling overpowers NO signaling. Furthermore, the rate of suppression evoked by WIN appeared faster in the presence of SNAP, raising the intriguing possibility that NO is not only involved in but facilitates CB1 receptor signaling. Crosby et al. (2011) tested this possibility directly by using the NOS blocker L-NAME. Surprisingly, HFS and WIN failed to depress these inputs in the presence of L-NAME, indicating that at least in the DMH, NO signaling is likely required downstream of CB1 receptors.
Perhaps the most exciting finding of the Crosby et al. (2011) study was that 24 hr food deprivation, a stressful manipulation known to increase blood corticosteroids (CORTs), abolished the WIN-mediated suppression of inhibition and transformed the HFS-induced i-LTD into NO-dependent i-LTP. CORTs can impact gene expression through their classical actions on transcription factors, possibly leading to functional downregulation of CB1 receptors, as recently shown by this group in another nucleus of the hypothalamus (Wamsteeker et al., 2010) . Remarkably, blocking genomic CORT receptors in food-deprived animals restored both WIN-mediated effects on transmission and i-LTD; however, whether this LTD is mediated by eCB signaling was not tested. CB1 receptor functional downregulation could also result from an uncoupling from its downstream effectors, as shown in the prefrontal cortex and nucleus accumbens of animals lacking fat in their diet (Lafourcade et al., 2011) . Finally, Crosby et al. (2011) wanted to determine the specificity of food-deprivation to induce changes in GABA plasticity in the DMH. Although social isolation preserved i-LTD, immobility stress abolished this form of plasticity, suggesting that alterations in eCB signaling might be a general feature of highly stressful events that produce CORTs to regulate synaptic plasticity in the hypothalamus.
Overall, the study by Crosby et al. (2011) adds to the growing evidence of ubiquitous long-term inhibitory synaptic plasticity throughout the brain (Castillo et al., 2011; Woodin and Maffei, 2011) and offers a good example of how behavior drives enduring synaptic changes that likely impact neural network function. Moreover, this study provides compelling evidence that eCB signaling controls the signs of inhibitory synaptic plasticity in feeding behavior-related circuits. As with most good papers, the work by Crosby et al. (2011) successfully opens the door to many new questions.
At the cellular level, it is important to know whether i-LTD in the hypothalamus shares common induction and expression mechanisms as reported in other brain regions. For example, eCB-mediated i-LTD is typically induced heterosynaptically by the repetitive activity of neighboring glutamatergic synapses and subsequent eCB mobilization triggered by group I metabotropic glutamate-receptor (mGluR) activation (Heifets and Castillo, 2009) . Whether DMH i-LTD also requires mGluR-I signaling remains to be seen. Also, what role, if any, does postsynaptic calcium play in this i-LTD? What is the identity of the eCB-mediating DMH i-LTD? eCB-mediated i-LTD is typically due to a long-lasting reduction in transmitter release. While PPR and CV analyses used by Crosby et al. (2011) do not support this mechanism in the DMH, further analyses, including failure rate tests with minimal stimulation, are needed in order to support or reject a presynaptic locus of expression. Where exactly and how precisely do eCBs and NO converge to produce long-term inhibitory synaptic plasticity? Assuming that both i-LTD and i-LTP are indeed expressed presynaptically, how do inhibitory terminals integrate eCB and NO signals to potentiate or depress GABA release? To strengthen the notion that NO is required for HFSinduced i-LTD and WIN-induced suppression of transmission, blockade of common NO targets (e.g., sGC) should be tested in addition to interfering with NO production.
At the systems level, the precise contribution of DMH inhibitory synaptic plasticity to feeding behaviors remains to be determined. To this end, selective manipulations blocking i-LTD and i-LTP in vivo (i.e., by targeting eCB and NO signaling in the DMH) are required. It also will be important to know how neuromodulatory inputs can regulate these forms of plasticity and perhaps modify food-seeking behavior. For example, by facilitating eCB mobilization, cholinergic modulatory inputs to the DMH could promote i-LTD over i-LTP. Likewise, dopaminergic signaling could facilitate the induction of eCB-mediated i-LTD, as recently reported for the prefrontal cortex (Chiu et al., 2010) .
Furthermore, how are peripheral signals such as insulin, leptin, ghrelin, and cholecystokinin affecting hypothalamic synaptic plasticity? While Crosby et al. (2011) focused on GABAergic synapses, it is important to know whether glutamatergic synapses in the DMH can also undergo activity-dependent plasticity and whether food-deprivation can trigger changes in DMH excitatory transmission. Ultimately, the balance of excitatory and inhibitory synaptic transmission determines DMH output. The DMH sends direct projections to the paraventricular nucleus (PVN), a major homeostatic workhorse for the hypothalamus and brain. Stimulating different areas of the DMH causes different PVN outputs (Ulrich-Lai and Herman, 2009). Because PVN neurons ultimately trigger CORT release into the blood from the adrenal cortex, which prepares virtually every cell in the body for an ensuing stressor, it is important for researchers to determine how the synaptic plasticity described by Crosby et al. (2011) affects downstream hypothalamic nuclei such as the PVN. CORTs are also known to promote eCB signaling in the hypothalamus (Tasker, 2006) , and eCBs are key regulators of food intake and energy balance. As a result, eCBs have garnered much attention in the fight against eating disorders (Di Marzo and Matias, 2005) . In this context, the study by Crosby et al. (2011) may provide a window on how food intake can be controlled by targeting synaptic function in the hypothalamus. Future studies to test this exciting possibility are warranted.
